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SAMPLES and METHODS
Core samples Three boring core samples were taken from the eastern lakeshore near the Town of Yutocho (H9), and the bottom of Lake Hamana (86H-4 and 85H-1) (Fig. 1 ). These were part of 19 cores which were sampled in the course of a study on the geohistory of Lake Hamana. Stratigraphical, lithological and chronological studies on the cores were reported by IKEYA et al. (1985 IKEYA et al. ( , 1987 .
(1) H9 core:
The core was 18m in length, and consisted of sand, dark-gray silt containing shell fragments, and blackish brown 1) Recieved July, 6, 1987 . Accepted Oct. 31, 1987 undecomposed peat in ascending order. The volcanic ash detected in the marine silt layer was identified to be K-Ah (Kikai-Akahoya ash) from the refraction ratio and EDX analysis of the glass. The falling age of the ash has been dated as about 6,300y.B.P. (MACHIDA and ARAI, 1983) . Two tephras found in the peat layer were identified to be Kg (Kawagodaira pamice) and F-Os (FujiOsawa scoria). The falling ages of these tephras were about at 3,000 and 2,800y.B.P., respectively (MACHIDA et al., 1984) . The 14C date of the lowest part of the peat layer (2) 86H-4 core: The core was 24m in length, and consisted of sand, silt and clay layers. Three tephras of K-Ah, Kg and F-Os were also detected.
(3) 85H-1 core: The core was 17m in length, and consisted of gravel and clay containing plant remains. The same tephras humic acid, the sediments were centrifuged in a ZnCl2 solution with a specific gravity of 2.0g/cm3. Then, pollen grains were collected from the top of the supernatant. After acetolysis, they were embedded in glycerine jelley and sorted out under a microscope. A pollen diagram was drawn using the frequencies of individual arboreal pollen based on their total number. Pollen fossil assemblage zones were determined by the stratigraphic occurrence of the main arboreal pollen.
RESULTS
The fossil pollen assemblage zones This zone was characterized by high Casbegan to appear in this zone. Although one species and a variety, M. rubra and M. gale var. tomentosa, are native to Japan, the former is common within lucidophyllous forests. Quercus (Cyclobalanopsis) freqencies began to increase from the K-Ah layer and reached HLS-III: Quercus (Cyclobalanopsis)-Cryptomeria zone, 1.45-1.05m in depth.
Quercus (Cyclobalanopsis) frequencies remain- (2) 86H-4 (Lake Shonai, Fig. 3 and equaled or exceeded the Castanopsis frequencies in the uppermost part of the zone. On the other hand, the Castanea frequencies that dominated in zone I rapidly decreased. The frequencies of broad-leaved deciduous trees such as Quercus (Lepidobalanus) and Carpinus were as high as in zone I. SLB-III: Quercus (Cyclobalanopsis)-Cryptomeria zone, 4.0-3.0m in depth. The frequencies of Castanopsis rapidly declobalanopsis) dominated with frequencies between 20.7 and 23.8%.
Cryptomeria fre-(Cyclobalanopsis) abruptly declined above 1.0m, although its highest value appeared in the middle of the zone. In the uppermost layer (0.22m in depth), Cryptomeria had its (3) 85H-1 (The deepest point of lake Hamana, Fig. 4 Comparison of the fossil pollen assemblage zones at the three sites The stratigraphical relationships between the fossil pollen assemblages in the three sites are summarized in Fig. 5 . The boundary ages of each fossil pollen assemblage zone were determined by the tephras and 14C dates. Based on similarities of the fossil pollen assemblages and the coincidences of their boundary ages, the HLS-I, II, and III zones correspond to the SLB-I, II, and III zones, respectively. However the boundary age between the HLB-I and II zones is different from those ages between I and II zones of both the HLS and SLB. The former age was abot 5,000y.B.P. and the last two ages were about 7,500y.B.P.
The fossil pollen assemblage of the HLB-II zone is also different from those of II and III zones of both the HLS and SLB. The HLS and SLB II zones were characterized by the dominance of Castanopsis. The HLS-III and SLB-III zones were marked by the dominance of Quercus (Cyclobalanopsis) and Cryptomeria, whereas Castanopsis became dominant with Quercus (Cyclobalanopsis) in the HLB-II zone. The SLB-IV and HLB-III zones with boundary ages of about 1,200 to 1,000 years were both dominated by Pinus.
DISCUSSION
From the stratigraphical sequence of pollen in the three core sediments, three forest stages were recognized at each site, namely, warmtemperate broad-leaved deciduous forest, lucidophyllous forest and Pinus forest stages.
The warm-temperate broad-leaved deciduous forest stage corresponds to the HLS-I, SLB-I, and HLB-I fossil pollen assemblage zones. The dominance of Quercus (Lepidobalanus), Carpinus, and Ulmus-Zelkovave etc. was characteristic in this stage. Furthermore, at the H9 and 86H-4 sites, Castanea dominated eminently.
The lucidophyllous forest stage corresponds to the HLS-II and III, SLB-II and III, and HLB-II zones. This stage is marked by the dominance of Castanopsis and Quercus (Cyclobalanopsis). As discussed below, the results obtained at the 85H-1 site differ from those at the H9 and 86H-4 sites.
The Pinus forest corresponds to the SLB-IV and HLB-III zones and is characterized by the predominance of Pinus. Interference by man probably occurred, and eventually, secondary Pinus forests developed. Lucidophyllous forests around Lake Hamana began to develop and existed during the Holocene. The pattern of the forest development in the northern area, however, was different from that in the southern area. The lucidophyllous forests reconstructed from the fossil pollen assemblage from the deepest point of the main lake (85H-1)
were composed of Castanopsis and Quercus (Cyclobalanopsis), and flourished from about 5,000y.B.P. Whereas in the southern areas around the Town of and Lake Shonai (86H-4), Castanopsis forests formed during the early Holocene, about 7,500y.B.P., and then Quercus (Cyclobalanopsis) began to expand from about 6,000y.B.P.
The major constituents of the vegetation covered extensively in the area studied must have been the source of pollen found in the deposits. SANUKIDA and MATSUSHITA (1986) showed that the substances including pollen deposited in the main lake and Lake Shonai were derived from the Miyaoda River catchment, and the Hana River and Isaji River catchments, respectively. Accordingly, the fossil pollen assemblage observed in the core sediments from the deepest point of the main lake may well be reflected the vegetation developed in the northern area around Lake Hamana, since the Miyakoda River catehment was the main source of supply for the main lake. The assemblages obtained at the Town of Yuto-cho and Lake Shonai must show the vegetation developed in the southern area around the Hana River and Isaji River catchments. The earlier and notable development of the Castanopsis forests observed in the southern area suggests the influence of marine condition at that time. A similar tendency has been observed in a core sample from near Haibaracho, a town in Shizuoka Prefecture, on the eastern part of Lake Hamana (unpublished). Both of these areas are located within the coastal region facing the Pacific Ocean and, therefore, would have been directly affected by the ocean, especially the warm Kuroshio current.
